Introduction
WHO has proposed two categories for myeloid neoplasms presenting with eosinophilia: 1) Chronic eosinophilic leukaemia, not otherwise specified (CEL-NOS), and 2) Myeloid and lymphoid neoplasms with eosinophilia and abnormalities of PDGFRA, PDGFRB or of the fibroblast growth factor receptor 1 (FGFR1) [1] . The second group is haematologically and genetically heterogeneous and often presents as myeloproliferative neoplasm (MPN) with eosinophilia or as T lymphoblastic lymphoma with eosinophilia. Most cases are associated with t(8;13) (p11;q12), t(8;9) (p11;q33) or t(6;8) (q27;p11-12) with the fusion gene being ZNF198-FGFR1, CEP110-FGFR1 and FGFR1OP1-FGFR1, respectively. However, several questions relating to eosinophils and hypereosinophilia remain open, and the classification remains controversial since not every molecular defect can be linked to an eosinophil malignancy [2] . Therefore, WHO classification also states that all patients with abnormalities in PDGFRA, PDGFRB or FGFR1 genes need further diagnostic evaluation in order to differentiate between CEL, MPN, acute myeloid leukaemia (AML), T-lymphoblastic lymphoma or other malignancies [3] [4] .
Myeloid and lymphoid neoplasms with eosinophilia and abnormalities of FGFR1 derive from a pluripotent haematopoietic stem cell. The clonal growth of eosinophils often results from mutated and thus constitutively activated cytokine receptors, such as the FGFR1 tyrosine kinase (TK) gene, and is associated with poor prognosis [5] . Although some TK-inhibitors are efficacious in treating certain hematopoietic malignancies, there is no effective treatment for this specific group of neoplasms. Only one publication described a partial response to midostaurin (PKC412) [6] , a TK inhibitor used mainly for AML and mastocytosis [7] . Thus, only aggressive chemotherapy and allogeneic transplantation are used today to treat these patients [8] . Therapies that are less aggressive would be highly beneficial to the patients. This is particularly true for elderly persons and is becoming increasingly important in an ageing population [9] .
We describe here the first patient who has survived chronic myeloid leukaemia with eosinophilia and FGFR1 mutation for over 22 months without stem cell transplantation. The sequential administration of hyper-CVAD chemotherapy and midostaurin as maintenance therapy translated in a significant tumour reduction and control of progression.
Case Report
A 71-year-old woman with no history of infectious disease was admitted to the hospital in January 2009. On physical examination, lymphadenopathy of the cervical, axillary and inguinal lymph nodes was observed, and the patient presented with fever and dyspnoea.
Peripheral blood values were haemoglobin (Hb) 140 g/dL, platelets 204 × 10 9 /L and leukocytes 48 × 10 9 /L, with the following differential count: neutrophils 66.5%, eosinophils 13.5%, lymphocytes 8.5%, monocytes 7%, basophils 0%, metamyelocytes 4.5%; promyelocytes 0%, myelocytes 3.0%, blast cells 0%. Three days later, peripheral blood reflected increasing eosinophilia. Bone marrow was hypercellular to 90% -100% with marked eosinophilia, which is indicative of chronic myeloid leukaemia associated with eosinophilia. A thoracic-abdominal PET/CT scan revealed spreading adenopathies in cervical, axillary, mediastinal, retroperitoneal, mesenteric and inguinal regions. Pathological examination of biopsied tonsils and cervical lymph nodes was consistent with T-cell lymphoma with infiltration of CD3
+ , TIA + and CD4 +(weak) T-cells. However, karyotyping and FISH analysis established the presence of a t(8;13) translocation and a breakpoint within the fibroblast growth factor receptor 1 (FGFR1), the receptor tyrosine kinase that is known to be disrupted in myeloproliferative disorders, leading to the final diagnosis of myeloid and lymphoid neoplasia with eosinophilia and FGFR1 abnormality (Figure 1) . At this point, T-cell receptor rearrangements analysis by PCR revealed atypical polyclonal T-cell proliferation.
The patient received one complete cycle of hyper-CVAD chemotherapy, which resulted in a very good clinical and haematological response (Hb 110 g/L, WBC 4.1 g/L, platelets 140 g/L) leading to a near-normal white blood cell count, the disappearance of eosinophilia and reduced adenopathy. Continuation of chemotherapy was considered as high risk due to the poor physical condition of the patient, and an allogeneic stem cell transplanta- tion was ruled out due to age. Thus, the decision was taken to discharge the patient at week six and to put her on midostaurin 100 mg p.o. twice daily, along with prophylactic medication (ciprofloxacin 500 mg daily, fluconazole 400 mg weekly). After four weeks, the patient had a persistently high platelet count (>1000 × 10 9 /L) and was started on hydroxyurea (2 g daily), which was then reduced to 1 g daily upon normalisation of the platelet count. The clinical remission was successfully maintained on midostaurin, and the patient enjoyed normal activity and quality of life for six months. Midostaurin was generally well tolerated by the patient, with only occasional nausea and vomiting, which were treated symptomatically.
Six months after starting treatment, the patient relapsed with clinical symptoms of lymphadenopathy and eosinophilia. A PET/CT scan revealed a recurrence of the myeloid neoplasia, and an atypical T-cell proliferation could be confirmed by bone marrow aspiration and lymph node histology (Figure 2) . Clonality PCR analysis of the T-cell receptors (TCRs) detected a small monoclonal T-cell population, indicating a clonal development of the initial atypical polyclonal T-cell pathology (Figure 3) . Midostaurin was discontinued, and the patient received four of the six planned cycles of hyper-CVAD chemotherapy. During treatment, the patient required a transfusion of red blood cells and platelets. A complete evaluation of the disease showed that the patient was in complete clinical, haematological and cytogenetic remission. A PET/CT scan revealed no active residual tumours. The Hb improved from 91 to 117 g/L, the WBC count rose from 2.8 to 14.5 g/L and the platelet count increased to 80 × 10 9 /L. The differential count was: 50% neutrophils, 9% eosinophils, 11.5% monocytes, 20.5% lymphocytes and 9% myelocytes. The t(8;13) translocation was no longer detected by FISH, and the karyotype appeared normal. Maintenance treatment with 100 mg midostaurin twice daily was then resumed. Four months later, the patient relapsed, with reappearance of lymphadenopathy (confirmed by lymph node biopsy) and eosinophilia (27% eosinophilia out of a total WBC of 11.4 × 10 9 /L). At this point, the overall condition of the patient did not allow for an additional chemotherapy, and a palliative treatment was given. The patient developed pancytopenia, with the following blood count: WBC 1.3 × 10 9 /L; platelets 27 × 10 9 /L; and Hb 76 g/L. Bone marrow examinations revealed a massive blastic infiltration of lymphoid and myeloid cells (about 70%). Cytogenetic studies confirmed a leukemic transformation with the identificationof five different clonal populations (46, XX, t(8;13;18) [3] /47, idem, +21 [3] /47, XX, idem, +der(8) t(8;13;18), mar1 [7] /48, idem, −7, +21, +mar1, +mar2 [6] /46, XX [1] , expressing, in addition tothe t(8;13;18) (p11;q12;q23)) with monosomy 7 and trisomy 21, a supplementary chromosome originating from chromosome 8, as well as 2 markers. The patient passed away two months later as a result of pancytopenia secondary to an acute myeloid and lymphoid leukaemia in October 2010 (21 months after diagnosis). 
Discussion
The classification of the myeloid and lymphoid neoplasia with FGFR1 abnormality is still subjected to some controversy. However, ten different translocations have been described in the neoplasms involving abnormal expression of FGFR1, each of which results in the fusion of a distinct protein partner to the C-terminal FGFR1 [10] [11]. The most frequently described protein partner, as in the case presented here, is ZMYM2-FGFR1 (formerly known as ZNF198-FGFR1) [11] . The clinical features of this disorder can vary: some patients present with lymphoma with mainly lymph node involvement, while others present myeloproliferative features, such as splenomegaly [3] [4] . Systemic symptoms such as fever, weight loss and night sweats are often present. The prognosis is extremely poor, and allogeneic stem cell transplantations remain the only option for achieving long-term remission [1] [10] . However, in an elderly patient like the case presented here, a transplantation is not an option. Other strategies must be developed in order to maintain quality of life, reach remission or achieve a cure. In our case, we trusted that a TK inhibitor such as midostaurin, known to induce only occasional adverse effects and already used in the field of haematology, could potentially have a positive effect on the overall quality of life when combined with an aggressive chemotherapy [6] [12] . An initial success with midostaurin was noted in 2004 in a patient with progressive leucocytosis, lymphadenopathy and splenomegaly associated with t(8;13) (p11;q12) myeloproliferative disorder [6] . This patient experienced an improvement in leucocytosis and lymphadenopathy, with mitigation of the symptoms; however, cytogenetic abnormality persisted, suggesting the need for additional therapies to also reach cytogenetic remission. Our strategy thus consisted of combining two therapies: an aggressive hyper-CVAD therapy followed by a midostaurin maintenance therapy. A first cycle of hyper-CVAD therapy resulted in a very good clinical and haematological response, allowing the patient to be discharged under midostaurin maintenance therapy. A relapse occurred six months later, likely due to the progression from an atypical polyclonal T-cell proliferation to a clonal expansion of the atypical T-cells. Despite the development of the disease, complete clinical, haematological and cytogenetic remission could be achieved after four cycles of hyper-CVAD therapy. The midostaurin maintenance regime was restored; however, acute leukaemia developed after an additional four months and palliative care was chosen. This case illustrates the possibility of reaching partial to complete remission without stem cell transplantation while maintaining quality of life. Keeping in mind that the dosage, time of treatment and combination with an aggressive chemotherapy might not have been optimal, it illustrates the great potential of such combined treatment. Currently, midostaurin (PKC412), which is a broad-range multi-kinase inhibitor, is under clinical development for the treatment of acute myeloid leukaemia (AML, in sequential combination with standard chemotherapy) and aggressive systemic mastocytosis (ASM, as a single agent monotherapy). Midostaurin principally inhibits protein kinase C, with sub-micromolar IC 50 s for each of the main subtypes [13] [14] . Other proteins inhibited by midostaurin include: FGFR-3, 3K560 [15] , VEGF receptor-2 [13] , PDGF-R FLT3 [16] and c-Kit [13] . It also inhibits the ZMYM2-FGFR1 fusion kinase, which has been implicated in myeloproliferative syndrome with t(8;13) association. The in vivo efficacy of midostaurin was demonstrated in two murine bone marrow transplant models of ZNF198-FGFR3-induced myeloproliferative syndrome. Mice treated with the drug had significantly extended survival compared to control mice treated with a placebo [6] .
Conclusion
In conclusion, we report a case of a rare, recently described disease with an extremely poor prognosis. Considering that these myeloid and lymphoid neoplasms are the result of ZMYM2-FGFR1 fusion, the use of a tyrosin kinase inhibitor such as midostaurin is justified. Our case illustrates clearly that this drug is more effective when combined with aggressive chemotherapy and may be considered as a maintenance treatment after induction of a very good remission. Unfortunately, the rarity of the disease makes it very difficult to conduct any kind of clinical studies aimed at determining the best therapeutic scheme of chemotherapy combined with midostaurin.
